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0 A long-lived, lightweight, and quickly and pre- 
cisely charged storage capacitor power supply ca- 
pable of stably supplying electric power to a load. 
The power supply has a capacitor block consisting 
of capacitors connected in series , In parallel or in 
any combination of series and parallel. The power 
supply further includes a charging circuit for charg- 
ing the block, a charging power supply connected 
with the block via the charging circuit, and a charge- 
limiting circuit. This limiting circuit detects the volt- 
age across the terminals of the block and limits 
charging of the block if the voltage reaches a given 
value. One embodiment of the invention further in- 
cludes a charge-limiting circuit, a full charge-detect- 
ing circuit, and a residual electricity-detecting circuit 
connected in parallel with the block. The charge- 
limiting circuit senses that the voltage across the 
terminals of the block exceeds the given value and 
causes the charging current to bypass the block. 
The full charge-detecting circuit senses that the 
charge-limiting circuit is operated and determines 
that full charge is attained. The residual electricity- 
detecting circuit finds the residual electric power 
from the voltage across the terminals of the block. 
Another embodiment has a first and a second ca- 
pacitor blocks. The voltage across the terminals of 
the first block is detected. The first block is charged 



from the second block until the detected voltage 
reaches a given voltage. The first block supplies 
electric power directly to the load. 
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The present invention relates to a storage ca- 
pacitor power supply which stores electrical power 
in a capacitor block consisting of a plurality of 
electric double layer capacitors connected in se- 
ries, in parallel or in any combination of series and 
parallel and supplies electrical power to a load. 

Discussions have been created for many years 
as to whether exhaust gas from automobiles with 
gasoline engines should be controlled because of 
problems with the global environment. In practice, 
an annual production of automobiles is still on the 
upswing but there is no prospect of reduction in 
automobile emissions. Under these circumstances, 
electric vehicles with batteries or solar cells have 
attracted attention as vehicles producing no ex- 
haust gas. Therefore, there is an urgent need of 
early realization of practical electric vehicles. 

In recent years, electric vehicles have begun to 
be used as vehicles in business applications such 
as urban-delivery vehicles and garbage trucks 
which are not required to travel a long distance 
continuously or to run at high speeds. Vehicles 
running at high speeds faster than 100 km/h and 
traveling about 200 km continuously have been 
reported as experimental vehicles. Furthermore, ve- 
hicles which have solar ceils on the top of the body 
and run while charging the cells have been pro- 
posed. In addition, hybrid vehicles driven by both 
an internal combustion engine and an electric mo- 
tor have been proposed. 

One promising type of electric vehicle is a 
vehicle which has no gearing as used in an auto- 
mobile with an internal combustion engine but 
drives the four wheels independently, using wheel 
motors. The driving mechanism of this vehicle is 
simplified. Also, the problems with the operating 
characteristics and the operability can be solved by 
coordinating and controlling the wheel motors. The 
greatest technical problem with the electric vehicle 
is to realize an ideal power source, i.e., a battery 
having a capacity comparable to an automotive 
engine. In order to put the electric vehicle into 
practical use. a battery is needed which is com- 
parable in size and weight to an internal combus- 
tion engine and whose capacity can deliver power 
comparable to the power delivered by a gasoline 
engine. Furthermore, the battery must be rechar- 
ged quickly or must be replaced with a fully 
charged battery as simply as supply of gasoline. 

However, no conventional battery can satisfy 
the above-described requirements. One especially 
great problem is that it takes long for the prior art 
battery to be recharged. In spite of this fact, the 
prior art battery is larger in size and heavier than 
the internal combustion engine. 

An electric double layer capacitor which is 
smaller in size but larger in capacitance than the 
prior art capacitor has been developed. This elec- 



tric double layer capacitor tends to be used to back 
up a power supply or for other application. When a 
large-capacity capacitor such as this electric dou- 
ble layer capacitor is employed as a storage ca- 
5 pacitor power supply, it has advantages in being 
lighter and having longer life than a lead-acid bat- 
tery and other batteries. However, if the voltage 
applied to the electric double layer capacitor ex- 
ceeds the rated voltage, then the capacitance of 

10 the capacitor is immediately reduced. Also, the 
leakage current increases. In this way, the capaci- 
tor is adversely affected. Another disadvantage is 
that the internal resistance and the maximum work- 
ing voltage are not sufficiently controlled. For these 

75 reasons, positive use of the electric double layer 
capacitor for power use is not yet made. 

Heretofore, when a secondary battery is re- 
charged, various difficulties have arisen in precisely 
detecting the completion of the recharging or 

20 knowing how much electricity can still be obtained 
from the battery. 

Various contrivances have been made to detect 
the completion of the recharging. One method Is to 
set the end voltage at a given voltage. Another 

25 method is to estimate the completion from the 
amount of electricity flowed into the battery. A 
further method is to detect the instant at which the 
voltage slightly drops due to the temperature char- 
acteristics of the battery after it is recharged for a 

30 given time. In spite of these contrivances, the re- 
charging characteristics vary widely according to 
the conditions of the battery, i.e.. depending on 
whether the battery is new or old, on the extent to 
which the battery ages, on the recharging current, 

35 and on whether the battery has been used continu- 
ously or was recharged. 

Also, various contrivances have been made to 
measure the remaining electric power. One method 
is to measure the terminal voltage white applying a 

40 given load. Another method is to calculate the 
amount from the amount of electricity charged and 
discharged. A further method is to estimate the 
amount from the temperature and the specific grav- 
ity of the electrolyte. However, the battery char- 

45 acteristics vary widely, depending on the perfor- 
mance of each individual battery, on whether the 
battery is new or old, on the history of the use of 
the battery, on the load, on the conditions imposed 
when the recharging is made, and on other factors. 

50 As described above, it can be said that hardly 
any method of precisely detecting the full charge 
point at all times is available. Also, hardly any 
method of detecting the amount of the residual 
electric power in the battery exists. Furthermore, to 

55 make effective use of the electric power of the 
battery, it is customary to overcharge it to a given 
level. Also, it is essential to know the amount of the 
electricity remaining in the battery. In the future, 
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electric vehicles will be put into practical use, and 
secondary batteries will be used routinely. Under 
these conditions, the wasteful consumption of elec- 
trical energy due to overcharge will present a prob- 
lem that cannot be neglected. We may expect that 
the practicability of the battery depends on whether 
it is possible to know the distance that the vehicle 
can still travel. 

It is an object of an embodiment of the present 
invention to provide a long-lived, lightweight stor- 
age capacitor power supply which is capable of 
being quickly charged and of supplying a regulated 
voltage to a load. 

It is an object of another embodiment of the 
invention to provide a storage capacitor power sup- 
ply which stores electricity efficiently by the use of 
capacitors and supplies electric power to a load. 

It is an object of a further embodiment of the 
invention to provide a storage capacitor power sup- 
ply which permits precise detection of full charge 
point, thus preventing wasteful overcharge and un- 
dercharge. 

It is an object of yet other embodiment of the 
invention to provide a storage capacitor power sup- 
ply which makes it possible to precisely measure 
the amount of remaining electricity and to reliably 
know the limit of the operation. 

The invention provides a storage capacitor 
power supply adapted to store electricity in a ca- 
pacitor block consisting of a plurality of capacitors 
connected in series, in parallel or in any combina- 
tion of series and parallel and to supply electric 
power to a load, said power supply comprising: the 
capacitor block connected with the load and sup- 
plying electric power directly to the load; a charg- 
ing circuit for electrically charging the capacitor 
block; a charging power supply connected with the 
capacitor block via the charging circuit; and 
charge-limiting circuits which detect the voltages 
developed across the capacitors and limit charging 
of the capacitors If the detected voltages reach a 
given value. 

One embodiment of the invention further in- 
cludes charging-llmiting circuits and full charge- 
detecting circuits connected in parallel with their 
respective capacitors. The charge-limiting circuits 
cause the charging current to bypass the capaci- 
tors. The full charge-detecting circuits sense that 
the charge-limiting circuits are operated and make 
a decision to see that full charge is attained. In 
another embodiment, the power supply further in- 
cludes a residual electricity-detecting circuit. This 
residual electricity-detecting circuit consists of a 
multiplier circuit and an arithmetic circuit. The mul- 
tiplier circuit takes the voltage developed across 
the capacitor and produces the square of the taken 
voltage. The arithmetic circuit multiplies the voltage 
by a constant factor. In a further embodiment, the 



residual electricity-detecting circuit takes the volt- 
age developed across the terminals of the capaci- 
tor, applies the voltage to a series combination of a 
resistor, a voltage regulation element, and a detect- 
5 Ing device, and detects a current according to the 
residual electricity by means of the detecting de- 
vice. 

Preferably the invention further offers a storage 
capacitor power supply for supplying electric power 

10 to a load from charged capacitors, said power 
supply comprising: a first capacitor block connect- 
ed with the load and supplying electric power di- 
rectly to the load; a charging circuit for electrically 
charging the first capacitor block; a second capaci- 

75 tor block connected with the first capacitor block 
via the charging circuit and acting as a power 
supply for the first capacitor block; and a charging 
control circuit which detects the voltage developed 
across the terminals of the first capacitor block and 

20 controls the charging circuit in such a way that the 
first capacitor block is charged by the second 
capacitor block until the detected voltage reaches a 
given voltage. 

Further the novel storage capacitor power sup- 

25 ply comprises the capacitor block connected with 
the load and supplying electric power directly to 
the load, the charging circuit electrically charging 
the capacitor block, and the charging power supply 
connected with the capacitor block via the charging 

30 circuit. The voltage developed across the terminals 
of each capacitor is detected. The charge-limiting 
circuit senses that this voltage has reached a given 
value and limits charging of the capacitor. There- 
fore, the capacitor block can be used up to the 

35 intended maximum voltage. Hence, the efficiency 
at which the electrical energy is stored can be 
enhanced. 

Examples of the invention will now be de- 
scribed with reference to the drawings, in which:- 
40 Fig. 1 is a circuit, diagram of a storage capacitor 
power supply according to one embodiment of 
the invention; 

Fig. 2 is a circuit diagram of a storage capacitor 
power supply according to another embodiment 
45 of the invention; 

Fig. 3 is a circuit diagram of a storage capacitor 
power supply according to a further embodiment 
of the invention; 

Fig. 4 is a circuit diagram of the charging control 
50 portion included In the power supply shown in 
Fig. 3; 

Fig. 5 is a circuit diagram of a full charge- 
detecting circuit in which a charge-limiting cir- 
cuit has been inserted; 
55 Fig. 6 shows waveforms illustrating the results of 
an analysis simulating the full charge-detecting 
circuit shown in Fig. 5; 
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Fig. 7 is a circuit diagram of a charge-limiting 
circuit consisting of two stages; 
Fig. 8 Is a circuit diagram of a full charge- 
detecting circuit consisting of two stages; 
Fig. 9 shows waveforms illustrating the results of 
an analysis made by simulating the full charge- 
detecting circuit shown in Fig. 8; 
Fig. 10 Is a circuit diagram of a residual 
electricity-detecting circuit for use in a storage 
capacitor power supply according to one em- 
bodiment of the invention; and 
Fig. 1 1 shows waveforms illustrating the results 
of an analysis made by simulating the charging 
and discharging characteristics of an electrical 
double layer capacitor. 

Referring to Fig. 1, there is shown a storage 
capacitor power supply according to one embodi- 
ment of the invention. This power supply com- 
prises a charging power supply 1 , a charging cir- 
cuit 2, a voitage-detecting circuit 3, a capacitor C 
having a large capacitance, reference voltage sour- 
ces producing reference voltages Vr and Vr', re- 
spectively, and switches SI and S2. A load 4 is 
connected with this storage capacitor power sup- 
ply. 

The capacitor C having a large capacitance is 
connected with the charging power supply 1 via the 
switch SI and via the charging circuit 2. The ca- 
pacitor C is also connected with the load 4. The 
capacitor C supplies electric power directly to the 
load 4. The charging power supply 1 which acts to 
electrically charge the capacitor C can be the com- 
mercial power line. The charging circuit 2 has a 
voltage converter means such as an inverter. The 
voltage-detecting circuit 3 compares the voltage 
developed across the terminals of the capacitor C 
with the reference voltages Vr and Vr' and senses 
whether the voltage across the terminals of the 
capacitor C is the fully charged level. If this level is 
reached, the voltage-detecting circuit 3 opens the 
switch 31 and closes the switch 82. Accordingly, 
by setting the reference voltage Vr + Vr' to the 
fully charged level, the large-capacity capacitor C 
is electrically charged from the charging power 
supply 1 via the charging circuit 2 while the switch 
SI is kept close until the voltage developed across 
the terminal of the capacitor C reaches the fully 
charged level. When the fully charged level Is 
reached, the switch 81 is opened to stop the 
charging. This prevents the voltage applied to the 
capacitor C from becoming excessively large com- 
pared with the rated voltage. At this time, the 
switch 82 is closed to short-circuit the some refer- 
ence voltage Vr'. Thus, a dead band is established 
for the turning on and off of the switch SI. 

As mentioned previously, where a capacitor is 
used as a power supply, if the applied voltage 
becomes excessive compared with the rated value 



of the capacitor, then the capacitance of the ca- 
pacitor will immediately decrease, the leakage cur- 
rent will increase, and other problems will take 
place. To cope with these problems, it is cus- 

5 ternary to design and manufacture the capacitor in 
such a way that allowances are given to the de- 
composition voltage and to the maximum working 
voltage. However, the electrical energy stored in a 
capacitor is proportional to the square of the volt- 

10 age and, therefore, it is advantageous to increase 
the used highest voltage as high as possible. In 
view of these facts, in the present invention, the 
voltage developed across the terminals of the ca- 
pacitor is constantly monitored and limited by the 

75 switch 81. Consequently, the capacitor can be 
used up to its maximum voltage. Hence, maximum 
allowable electrical energy can be stored effec- 
tively. 

Referring next to Fig. 2, there is shown another 

20 storage capacitor power supply according to the 
invention. This power supply is similar to the power 
supply already described in connection with Fig. 1 
except that a series combination of a transistor TR 
and a resistor R2 is connected as a bypass circuit 

25 for the charging current flowing into the large- 
capacity capacitor C, and that the voltage produced 
across the terminals of the capacitor C is limited to 
a voltage set by a voltage regulation device ZD. 
Also shown is a resistor R1 . The voltage set by the 

30 voltage regulation device ZD is selected to be 
equal to the voltage assumed when the capacitor C 
is fully charged. In this fully charged condition, the 
transistor TR conducts. The current flowing through 
the conducting transistor TR varies so as to main- 

35 tain the voltage developed across the terminals of 
the capacitor C at the voltage corresponding to the 
fully charged condition. That is. a voltage limiter is 
formed. 

Referring to Fig. 3. there is shown a further 

40 storage battery power supply according to the in- 
vention. This power supply comprises a charging 
AC power supply 11, a charging DC power supply 
12. charging circuits 13-15, a charging control cir- 
cuit 16, capacitor blocks A and B, and a reference 

45 voltage source producing a reference voltage Vr. A 
load 17 is connected with this storage capacitor 
power supply. 

The capacitor block A is a power supply for 
supplying electric power to the load 17. This block 

50 A is connected with the load 17 and supplies 
electric power directly to the load 17. A large- 
capacity capacitor having a low internal resistance 
and an energy density which is not very high is 
used as the capacitor block A. The capacitor block 

55 B is a power supply which electrically charges the 
capacitor block A. The internal resistance of the 
block B is higher than that of the block A. A large- 
capacity capacitor having large electrical energy 
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per unit volume or weight is used as the capacitor 
block B. The charging circuit 15 causes the capaci- 
tor block B to electrically charge the capacitor 
block A. The charging circuit 1 5 is composed of a 
voltage converter means such as an inverter. The 
charging control circuit 16 detects the voltage de- 
veloped across the terminals of the capacitor block 
A, or the load voltage, and compares the detected 
voltage with the reference voltage Vr. If the voltage 
Is less than Vr, the control circuit 16 controls the 
charging circuit 15 so as to electrically charge the 
capacitor block A from the capacitor block B. The 
reference voltage Vr is set to the level at which the 
capacitor block A is fully electrically charged. 

The charging AC power supply 1 1 consists, for 
example, of ordinary AC power line. The charging 
DC power supply 12 Is composed of a DC power 
supply such as a stock of solar cells. The charging 
circuits 13 and 14 provide conversion and rectifica- 
tion of the input voltage and electrically charge the 
capacitor block B. Of course, the charging circuits 
13 and 14 can be composed of voltage converter 
means such as Inverters. 

As described above, the required power supply 
capacity is assigned to two power supply portions, 
i.e., the capacitor blocks A and B. One fourth of the 
total capacity is assigned to the block A, while the 
remaining 3/4 is assigned to the block B. These 
ratios may vary according to the load and other 
conditions. The capacitor block A is maintained at 
its fully charged level as faithfully as possible. In 
this way, the load is always supplied with a rela- 
tively constant voltage from the power supply of 
the lower internal resistance, or the capacitor block 
A. Furthermore, many power supplies, i.e., the ca- 
pacitors forming the block B, which are easy to 
manufacture and have a high internal resistance 
are employed and so the volume and the weight of 
the whole storage capacitor power supply can be 
suppressed. 

Fig. 4 shows an example of the configuration of 
the charging control portion of the storage capaci- 
tor power supply shown in Fig. 3. A comparator 21 
compares the voltage developed across the termi- 
nals of the capacitor block A with the reference 
voltage Vr and produces a signal which operates 
the charging circuit 15 when the reference voltage 
is higher. Resistors R1 and R2 divide the voltage 
developed across the terminals of the capacitor 
block A and detect the voltage. The detected volt- 
age is applied to the comparator 21 via a resistor 
R3. As described later, charging-limiting circuits 
may be connected with their respective capacitors 
of the block A, and the fully charged condition may 
be detected. A resistor r is used to detect the 
charging current. The charging circuit 15 coop- 
erates with the resistor r to detect and regulate the 
charging current. In particular, the charging circuit 



15 is turned on and off by the output signal from 
the comparator 21. The charging current is con- 
trolled by making use of the detection of the cur- 
rent, utilizing the resistor r. The capacitor block B 
5 is a power supply having a large internal resis- 
tance. If the block B is electrically charged with a 
large current, the loss will Increase. This loss is 
reduced by limiting the charging current. 

An electric double layer capacitor used in the 

70 present invention is next described. The electrodes 
of this capacitor are made of activated carbon 
which has a large specific surface and is elec- 
trochemically inactive. The electrodes are com- 
bined with an electrolyte to provide a large electric 

76 double layer capacitance. When the voltage ap- 
plied between the electrodes is increased, the elec- 
tric double layer is formed and the capacitor is 
electrically charged until the decomposition voltage 
of the electrolyte is reached, whereupon a current 

20 begins to flow. Therefore, the maximum working 
voltage of this electric double layer capacitor is 
restricted by the decomposition voltage of the elec- 
trolyte. The decomposition voltage of the elec- 
trolyte of a water solution having a high electric 

25 conductivity is about 1 .23 V. Electric double layer 
capacitors having maximum working voltages of 
several volts and capacitances of several farads are 
commercially available. The internal resistance val- 
ues vary widely from 100 Q to about 10 Q. A recent 

30 experimental electric double layer capacitor is re- 
ported to have 2.5 V, 240 F. and 0.1 fi. 

Where the prior art electric double layer ca- 
pacitor is used as a storage capacitor power sup- 
ply, themaximum working voltage Is low, and the 

35 amount of stored electric charge is small. In addi- 
tion, the amount of charge stored in the electric 
double layer capacitor is only one twentieth of the 
amount of charge stored in lead-acid batteries and 
nickel/cadmium batteries on the relation between 

40 the energy and the weight. Also, the internal resis- 
tance of the electric double layer capacitor is large. 
Therefore, the electric double layer capacitor can- 
not be used in high power applications. A fun- 
damental method of permitting the electric double 

45 layer capacitor to rival lead-acid batteries is to 
increase the energy density and reduce the internal 
resistance. 

Generally, if a voltage exceeding the decompo- 
sition voltage is applied to a capacitor, decrease in 

50 the capacitance, increase in the leakage current, 
and other problems will occur. Therefore, a voltage 
lower than the decomposition voltage is used as 
the maximum working voltage. The decomposition 
voltage Is 1 .23 V for the case of water and about 

55 1 .5 to 2.5 V for the case of normally used organic 
electrolytes. On the other hand, numerous solvents 
of chemical materials exist which exhibit decompo- 
sition voltages exceeding 6 V in organic electro- 
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lytes. However, where they are used in an elec- 
trical double layer capacitor in practice, the rated 
maximum working voltage is restricted to 1.5 to 2.5 
V. We consider that this is due to impurities includ- 
ing water. 

Various foreign substances are naturally ad- 
sorbed to porous electrodes consisting of activated 
carbon or fibers of activated carbon. If these elec- 
trodes are used as they are, the various foreign 
substances are dissolved in an electrolyte when the 
electrodes are immersed in the electrolyte. There- 
fore, if the electrolyte is highly refined, the purity 
deteriorates, thus lowering the decomposition volt- 
age. Thus, the foreign substances can be removed 
by previously heating the electrodes in a vacuum 
vessel by RF heating while evacuating the inside of 
the vessel, then cooling the electrodes as they are, 
and immersing them in an electrolyte in a vacuum. 
Also, decrease in the purity of the electrolyte can 
be prevented. 

In an electrode structure providing a large elec- 
trostatic capacitance and a low internal resistance, 
activated carbon fibers are activated slightly exces- 
sively to obtain fibers having somewhat large 
micropores. These fibers are aligned and arranged 
closely in a plane. A metal such as aluminum Is 
deposited by evaporation or thermal spraying on 
both ends and the rear surface of the fiber array, or 
the electrodes are connected by a conductive paint 
or the like. Then, lead wires are attached. In this 
manner, electrodes having a low electrical resis- 
tance and a high density can be obtained. These 
electrodes are impregnated with an electrolyte. The 
electrodes are mounted on opposite sides of an 
insulating porous separator. They are used as posi- 
tive and negative electrodes, respectively. 

An electrical double layer capacitor having a 
high maximum working voltage can be derived by 
refining the electrolyte and fabricating and assem- 
bling the activated carbon electrodes as described 
above. Also, the Internal resistance can be re- 
duced. As a result, if the maximum working voltage 
is increased by a factor of 2, for example, then the 
amount of stored electric charge can be increased 
fourfold, i.e., the square of 2. The previously men- 
tioned experimental electric double layer capacitor 
of 2.5 V, 240 F, and 0.1 Q measures 35 mm in 
diameter by 50 mm. The electric energy that can 
be taken up to 1 V is 0.175 WH. To secure an 
electric energy of 20 kWH required for the power 
source of an electric vehicle, a volume of about 6 
m^ is needed. As an example, however, the volume 
can be reduced to one-fourth only by doubling the 
maximum working voltage. Furthermore, the pack- 
aging density can be increased by a factor of 2.5. 
The novel storage capacitor power supply using 
two capacitor blocks and the charge-limiting cir- 
cuits improves the amount of stored charge by a 



factor of about 2. Also, there is a possibility of 
Increase in the electrostatic capacitance. In this 
way, the amount of stored charge can be increased 
by a factor exceeding 20. Such electric double 
5 layer capacitors are used in different manners to 
increase the stored electrical energy. Also, the in- 
ternal resistance is reduced to reduce the energy 
loss. In consequence, the efficiency at which elec- 
tric power is supplied can be enhanced. 

10 In the structure constructed as described thus 

far, the charging is controlled separately for each 
individual capacitor block. Electric double layer ca- 
pacitors have low dielectric strengths of 2.5 to 5 V. 
Therefore, where they are used in electric power 

75 applications, they are connected in series. In this 
structure, if the voltages assigned to the capacitors 
are different, the capacitors will successively ex- 
ceed their rated values from the smallest capacitor 
and get damaged. To avoid this, they must be 

20 used within voltage rangeslower than the rated 
values. In this case, where charge-limiting circuits 
are connected with ail the capacitors, respectively, 
and they are connected in series, if one capacitor 
reaches its rated value, the charge-limiting circuit 

25 connected with this capacitor turns on the bypass 
circuit, thus preventing all the capacitors from be- 
ing applied with voltages exceeding their rated 
voltages. Consequently, they can be used up to the 
rated voltages safely. In the novel electric double 

30 layer capacitor utilizing an electric double layer 
capacitor, a charge-limiting circuit is inserted in 
each cell to monitor the voltages at the cells and 
make uniform the voltages as described above. 
Examples of the charge-limiting circuit and an ex- 

35 ample of a full charge-detecting circuit are de- 
scribed below. 

Fig. 5 shows an example of the full charge- 
detecting circuit in which a charge-limiting circuit 
has been included. Fig. 6 shows the results of an 

40 analysis made by simulating the full charge-detect- 
ing circuit shown in Fig. 5. Fig. 7 is a diagram 
showing a charge-limiting circuit consisting of two 
stages. Fig. 8 is a diagram showing a full charge- 
detecting circuit consisting of two stages. Fig. 9 

45 shows the results of an analysis made by simulat- 
ing the full charge-detecting circuit shown in Fig. 8. 

Referring to Fig. 5, a charge-limiting circuit and 
a differentiating circuit consisting of CT and RT are 
connected in parallel with an electric double layer 

50 capacitor CI having an internal resistance of R1. 
The charge-limiting circuit comprises a three-termi- 
nal shunt regulator ICX1, a transistor Q1, a Schot- 
tky diode D1, and resistors R2-R5. When the ca- 
pacitor CI is electrically charged from a charging 

55 power supply II and becomes fully charged, the 
charge-limiting circuit causes the current to bypass 
the capacitor. This fully charged condition is de- 
tected by the differentiating circuit. This detection 
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is performed by superimposing an AC waveform on 
the charging power supply II. 

Fig. 6 shows waveforms during the charge 
process of an electric double layer capacitor used 
in power applications. The capacitor, with an elec- 
trostatic capacitance of 300F, maximum working 
voltage of 50V, and an electric capacity of 100WH, 
is charged from completely discharged condition 
by a charging current of 2 A. The voltage across 
the terminal of capacitor is Indicated by V(1) and 
the current through the reslster R5 in the charge- 
limiting circuit is l(R5). The terminal voltage at the 
at the resistor RT in the differentiating circuit is 
indicated by V(9) in Fig. 6. A ripple current having 
a frequency of 10 MHz and an amplitude of 0.5 A 
is superimposed. This extraordinary low ripple fre- 
quency permits the waveform showing the result of 
an analysis clearly in those figures. In practice, 
ripple current from a rectifier circuit used for AC 
power line can be used. In Fig. 6, the charging 
voltage approaches 50 V when a charging opera- 
tion persists for 7400 seconds. When the charge- 
limiting circuit is operated, the current 1(5) flowing 
through the resistor R5 and the terminal voltage V- 
(9) at the resistor RT change violently. Therefore, a 
fully charged condition can be easily known by 
detecting these changes. 

The configuration shown in Fig. 7 is built for 
electrical power applications as described below. 
The electric double layer capacitors C1 and C11 
are connected In series. The charge-limiting circuit 
consisting of the components R2-R5, XI. Q1, and 
D11 and the charge-limiting circuit consisting of 
components R12-15, XII, Q11, and D11 are con- 
nected with the capacitors, respectively. When 
each capacitor reaches Its rated condition, the 
charge-limiting circuit connected with the capacitor 
turns on the bypass circuit. Thus, all the capacitors 
are prevented from being applied with a voltage 
exceeding the rated value. In this manner, the 
voltages of the cells are monitored and can be 
made uniform. Consequently, the power supply can 
be used up to the rated value safely. Furthermore, 
the fully charged condition can be detected pre- 
cisely by detecting the condition in which all the 
charge-limiting circuits connected in series via the 
differentiating circuit consisting of CT and RT as 
shown in Fig. 8 have been operated. 

In the configuration shown in Fig. 8, the two 
electric double layer capacitors Cl and C11 are 
connected in series. A simulation was made in 
which each of these two capacitors CI and C11 
had a dielectric strength of 25 V and an electro- 
static capacitance of 600 F, and in which the set- 
tings of tile charging-limlting circuits were Intention- 
ally shifted to about 24 V and 23 V, respectively. 
The results of this analysis are shown In Fig. 9. 
That is, the line indicating the whole charging volt- 



age V(1) is bent near the end of the charging 
process. Observation of the terminal voltage V(9) at 
the resistor RT of the differentiating circuit and the 
current 1(5) flowing through the resistor R5 of one 
6 charge-limiting circuit shows that one capacitor is 
fully charged and then the other is fully charged. 

It can be seen from the foregoing that the 
following methods can be used to sense that a 
storage capacitor power supply having a plurality of 

70 electric double layer capacitors connected in se- 
ries, in parallel or in any combination of series and 
parallel has been fully charged. In one method, 
signals are taken from all the charge-limiting cir- 
cuits connected with the capacitors. These signals 

75 are ANDed to sense that all the capacitors have 
reached their rated conditions. In this state, the 
power supply is regarded as being fully charged. In 
a second method, the operating points of all the 
charge-limiting circuits connected with the capaci- 

20 tors are previously set within a given tolerance, 
e.g., 5%, using techniques of inspection and qual- 
ity control. One of the capacitors is selected. When 
the operating point of the charge-limiting circuit for 
this capacitor is reached, the power supply is re- 

25 garded as being fully charged. In a third method, 
an AC waveform or a pulse waveform issuperim- 
posed on the currents produced from current regu- 
lation circuits or pseudo-current regulation circuits 
used for the charging of the capacitors. The am- 

30 plitudes are monitored to detect the fully charged 
condition. In this method, the amplitudes decrease 
suddenly when all the capacitors connected as 
loads are fully charged and all the charge-limiting 
circuits turn on the bypass circuits. This point is 

35 detected to detect the fully charged condition of 
the power supply. 

Detection of the residual electric power utilized 
in the novel storage capacitor power supply Is 
described next. The novel storage capacitor power 

40 supply rarely employs only one electric double 
layer capacitor. As described In connection with 
Fig. 4, plural electric double layer capacitors are 
connected in series to form a block. Alternatively, 
such series combinations of the capacitors are 

45 connected in parallel to form a block. In this case, 
the residual electric power W is given by 

W = 0.5 • Ca • Va • Va + 0.5 • Cb • Vb • 

Vb (1) 

50 

where Ca is the capacitance of the capacitor block 

A, Va is the voltage developed across the capacitor 
block, Cb Is the capacitance of the capacitor block 

B, and Vb is the voltage developed across the 
55 capacitor block B. Accordingly, the residual electric 

power can be found accurately by measuring the 
voltages Va and Vb across the blocks A and B, 
respectively, and introducing these values into an 
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arithmetic unit performing the above-described cal- 
culation. 

Fig. 10 shows a residual electricity-detecting 
circuit used in the novel storage capacitor power 
supply. Fig. 11 shows the results of an analysis 6 
performed by simulating charging-and-discharging 
characteristics. Fig. 10(A) shows a circuit compris- 
ing a multiplier XI and an operational amplifier U2. 
The multiplier XI calculates the square of V. The 
calculated square is multiplied by a constant factor io 
by means of the operational amplifier U2. In this 
way, the circuit produces a signal indicating the 
residual capacity. Where the residual electric pow- 
ers of a plurality of electric double layer capacitors 
or of a plurality of capacitor blocks are detected. 75 
the multiplier XI and a resistor R2 are provided for 
each capacitor or each capacitor block and con- 
nected with a node 3. Thus, a signal indicating the 
sum of the residual electric powers can be taken 
from the outputs from the operational amplifiers U2. 20 
In Fig. 10(B), a resistor R5. a light-emitting diode 
D1, and a zener diode D2 are connected in series 
with an electric double layer capacitor C2 and its 
internal resistance R4 to roughly represent the re- 
sidual electric power by means of a light quantity. 25 
The resistor R5 is used as a current-limiting resis- 
tor which adjusts the gradient, or the brightness of 
the light-emitting diode D1 . Of course, an indicator 
can be used instead of the light-emitting diode D1 . 
Instead of the zener diode, any other voltage regu- 30 
lation device or constant-voltage source can be 
used as long as it forms a voltage regulator circuit. 

The line A of Fig. 11 Indicates the voltage 
developed across the terminals of an electric dou- 
ble layer capacitor having an electrostatic capaci- 35 
tance of 300 F, a maximum working voltage of 50 
V, and an electric energy of about 100 WH. At the 
beginning, the capacitor is fully discharged. Then, 
it is charged with a current of 2 A. The line B of 
Fig. 11 indicates the residual electric power cal- 40 
culated, using the equation described above. A 
residual electric power meter indicates 0.5 x 300 x 
49 X 49 = about 360 kJ, i.e., 100 WH. The line C 
of Fig. 1 1 is obtained by superimposing a straight 
line on the line B. This characteristic is derived by 45 
connecting a zener diode of about 18 V in series 
with the terminal voltage V(1). It can be seen that 
the residual electric power can be measured with 
practical accuracy from the fully charged condition 
to about 3/4 of the range downwardly. so 

It is to be understood that the present invention 
is not limited to the above-described embodiments 
and that various changes and modifications are 
possible. In the above embodiments, the means 
which turns on and off the circuit Is merely a 55 
switch. A semiconductor switching device such as 
a thyristor or a transistor or other switching device 
may be used. Furthermore, the application of the 



novel electric double layer capacitor is not limited 
to the power supply of an electric vehicle. For 
instance, the novel power supply can also be used 
as the power supply of an electric welder or other 
electrically powered machine, as the power supply 
of a portable electrical appliance such as a flash 
lamp, radio receiver, television receiver, or video 
camera. 

As can be seen from the description made thus 
far, the charging of each capacitor is controlled to 
the full charge level by the voltage across the 
terminals of the capacitor. Therefore, the electrical 
energy can be stored effectively. Also, the effi- 
ciency at which the storage capacitor power supply 
supplies electric power can be enhanced. Further- 
more, the capacitors can be prevented from being 
applied with voltages exceeding the rated voltage. 
Consequently, where the power supply is used to 
store electricity, decreases in the capacitances of 
the capacitors, Increase in the leakage current, and 
other problems can be prevented. 

Claims 

1. A storage capacitor power supply adapted to 
store electricity in a capacitor block consisting 
of a plurality of capacitors connected in series, 
in parallel or in any combination of series and 
parallel and to supply electric power to a load, 
said power supply comprising: 

the capacitor block connected with the 
load and supplying electric power directly to 
the load; 

a charging circuit for electrically charging 
the capacitor block; 

a charging power supply connected with 
the capacitor block via the charging circuit; and 

a charge-limiting circuit which detects the 
voltage developed across each capacitor and 
limits charging of the capacitor if the detected 
voltage reaches a given value. 

2. The storage battery power supply of claim 1, 
wherein said charge-limiting circuit has a 
switching means connected in series with said 
charging circuit and cuts off the charging cir- 
cuit by sensing that the detected voltage has 
reached a given value. 

3. The storage capacitor power supply of claim 1 , 
wherein said charge-limiting circuit has a by- 
pass circuit connected in parallel with each 
capacitor and causes the charging current to 
bypass the capacitor by sensing that the de- 
tected voltage has reached a given value. 

4. A storage capacitor power supply adapted to 
store electricity in a capacitor block consisting 
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of a plurality of capacitors connected in series, 
in parallel or in any combination of series and 
parallel and to supply electric power to a load, 
said power supply comprising: 

a charge-limiting circuit connected In par- 
allel with each capacitor and causing the 
charging current to bypass the capacitor by 
sensing that the terminal voltage has reached 
a given value; and 

a full charge-detecting circuit which de- 
tects operation of the charge-limiting circuit 
and makes a decision to see if a fully charged 
condition has occurred. 

5. The storage capacitor power supply of claim 4, 
wherein said full charge-detecting circuit per- 
forms a logical operation on the output signals 
from the charge-limiting circuits. 

6. The storage capacitor power supply of claim 4, 
wherein said full charge-detecting circuit 
makes a decision according to the output sig- 
nal from a certain charge-limiting circuit. 

7. The storage capacitor power supply of claim 4, 
wherein there is further provided a means for 
superimposing an AC waveform to the charg- 
ing currents, and wherein said full charge-de- 
tecting circuit monitors the amplitude of the AC 
waveform. 

a A storage capacitor power supply adapted to 
store electricity in a capacitor block consisting 
of a plurality of capacitors connected in series, 
in parallel or in any combination of series and 
parallel and to supply electric power to a load, 
said power supply comprising a residual 
electricity-detecting circuit comprising: 

multipliers each producing the square of 
the voltage developed across the terminals of 
the corresponding one of the capacitors; and 

calculating means for multiplying each out- 
put from the corresponding one of the multipli- 
ers by a constant factor. 

9. A storage capacitor power supply adapted to 
store electricity in a capacitor block consisting 
of a plurality of capacitors connected in series, 
in parallel or in any combination of series and 
parallel and parallel and to supply electric pow- 
er to a load, said power supply comprising a 
residual electricity-detecting circuit which takes 
the voltage developed across each capacitor, 
applies the voltage to a series combination of a 
voltage regulator circuit and a detector device, 
and detects a current corresponding to the 
residual electric power by means of the detec- 
tor device. 



10. A storage capacitor power supply for supplying 
electric power to a load from charged capaci- 
tors, said power supply comprising: 

a first capacitor block connected with the 
5 load and supplying electric power directly to 

the load; 

a charging circuit for electrically charging 
the first capacitor block; 

a second capacitor block connected with 
10 the first capacitor block via the charging circuit 

and acting as a power supply that electrically 
charges the first capacitor block; and 

a charging control circuit which detects the 
terminal voltage of the first capacitor block and 
15 controls the charging circuit in such a way that 

the first capacitor block is charged by the 
second capacitor block until the detected volt- 
age reaches a given voltage. 

20 11. The storage capacitor power supply of claim 
10, wherein the internal resistance of the first 
capacitor block is smaller than that of the sec- 
ond capacitor block, and wherein the second 
capacitor block is larger than the first block in 

25 electrical energy per unit volume or weight. 
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